Abstract. In preparation for a study on the effect of bed net use on malaria, this article describes febrile morbidity and malaria expenditures in a sub-Saharan area (Benin) of hyperendemic malaria. The 325 randomly selected households were visited weekly between April 1994 and March 1995 to determine febrile morbidity and household expenditures for prevention and treatment. The results indicate that rural children had two febrile episodes annually compared with 0.3 episodes among children living in the city. There was no difference in mean annual febrile episodes between adults and children (adults ϭ 1.5, children ϭ 1.5; P ϭ 0.48) and in the expenditures per febrile episode (adults ϭ US$1.85, children ϭ US$1.62; P ϭ 0.45). Annual prevention expenditures were higher for adults than for children (US$1.73 and US$1.28, respectively; P Ͻ 0.001), although there was no significant difference in expenditures for annual treatment for adults and children (US$2.15 and US$2.34, respectively). These and other findings are analyzed further and discussed.
In addition to being a major cause of mortality and morbidity in developing countries, malaria also has economic consequences for the afflicted population. These consequences include considerable direct (medical consultations, hospitalizations, laboratory tests, and medications) and indirect (work days lost) costs for households that are already socioeconomically disadvantaged. [1] [2] [3] [4] Chloroquine chemoprophylaxis, mosquito coils, insecticide sprays and bed nets are the principal malaria prevention methods used. The permethrin insecticide-treated bed net (PITN), in particular, can reduce mortality and malaria morbidity by 30-45%. [5] [6] [7] There is considerable variation in the price of a PITN, an item with an approximate lifespan of five years. Although in theory, it may cost US$6-7, 5, 6 in reality its price is closer to US$12, taking into account size, local duties, transportation, taxes, and other costs. Studies have shown that a PITN treated with a permethrin concentration of 200-500mg/m 2 works effectively for a six-month period, after which a new permethrin treatment is necessary. 5 The cost of each treatment is estimated at US$1.43, for an average annual use cost of US$7.79, as estimated by Brinkmann and Brinkmann. 8 By decreasing the malaria attack episodes, the use of the PITN also reduces the expenses associated with the illness. Therefore, over time, the cost of the initial investment in the PITN is many times less than the treatment expenses. In effect, the cost of the PITN is amortized in only two years following its acquisition, a phenomenon that is often accompanied as well by a reduction in spending on chloroquine treatment and prophylaxis, insecticide sprays, and mosquito coils. [8] [9] [10] [11] [12] This article describes a continuous analysis of the PITN that is locally produced and used in a operational research setting in the Republic of Benin in west Africa. 13 This article (the first in a two-part series) presents the study methodology, the collection and analysis of the principal characteristics of the study population, and their febrile morbidity and malaria-related expenditures. The second article concentrates on the effect of bed net use and other determinants of febrile episodes and expenditures associated with malaria. METHODOLOGY A project to promote the use of PITNs through a strategy that included the local production, marketing and sale of PITNs was implemented in the Savalou region of Benin in the early 1990s. 13 Study area. The study area is 250 km north of Cotonou, the capital of Benin. 13 This humid savannah region includes the urban area of Savalou and a rural area consisting of 27 villages; the total population is estimated at 19,000. A malariometric study indicated high levels of transmission, although it was higher in the rural than in the urban area, with spleen rates of 68.9% and 56.1% respectively, and parasite rates of 96.8% and 72.0% respectively (Rashed S, 1993 , unpublished data). Sporozoite rates in the area were approximately 5% and there was a higher average of intra-domicilary resting Anopheles in rural households than in urban ones, with 9.3 and 2 Anopheles/room, respectively (Akogbeto M, 1993, unpublished data). Plasmodium falciparum chloroquine resistance in the area is estimated to range from 4% to Ͻ30%. 14, 15 Selection of study subjects. To be included in the study, a household had to be composed of at least one adult and a child less than 6 years old, and the family had to reside in one of the 19 villages or the 5 urban zones selected randomly in the Savalou region. The households were followed on a weekly basis from a minimum of 84 days to a maximum of 357 days, between April 1994 and March 1995.
To achieve the numbers needed for statistical analysis and significance (n ϭ 220), up to 20 PITN-user households, 10 traditional bed net (TN) user, and 20 non-user households were chosen by random selection in each village. A census of households with at least one child was taken in all randomly selected villages. Systematic sampling from the census was used to select households in larger villages. In smaller villages, all eligible households were invited to participate. For sample size calculations, we estimated that at least one-third of participants would have a febrile episode during the study period. We expected a 50% reduction in morbidity with the use of PITNs, thus a reduction from 35% to 20%. To obtain statistically significant results with a 95% confidence interval and a power of 80%, a sample size of 300 PITN users and non-users was necessary. The study sample chosen was composed of 325 households, totalling 977 people. The weekly follow-up of the study population continued for a period of nine months in the urban zone and 12 months in the rural zone. The PITN non-users were followed from the outset of the study, while the PITN users were enrolled in the study from the time they purchased the bed net during the study period.
Data collection methodology and variables studied. Three questionnaires were used for data collection. The variables retained for the duration of the study are provided in Table 1 . The first questionnaire consisted of closed-type questions and was administered to all households selected on a weekly basis from April 1, 1994 to March 31, 1995 by surveyors originating and living in the selected villages. The following data were collected: expenditures for chloroquine used for treatment and prevention, expenditures for mosquito coils and insecticide sprays, transportation costs and medical consultations according to type (hospital, private clinic, village clinic, regional clinic, traditional practitioner), number of working days lost due to illness, regularity of bed net use, and number of days absent from the household. Data on febrile episodes were also collected as an indicator of malarial episodes. Even though it is known that not all febrile episodes are malarial, they are still a good indicator of its presence, since this disease is a major cause of febrile morbidity, with the prevailing high level of transmission. Cost constraints prevented us from pursuing parasitologic confirmation of malaria. For the final presentation, expenses were estimated in Beninese West African francs multiplied by a factor of 0.00177, the average exchange rate for U.S. dollars during the study period. The annual expenses presented were produced by extrapolation from the average expenses collected from a minimum of three months of data. The weekly follow-up questionnaire was validated by a reproducibility test performed by five independent investigators during the week from December 24 to 31, 1994. They visited the randomly selected households and applied the same questionnaires 2-4 days after the surveyors' visit. Then the two sets of data were compared for reproducibility. Table 2 shows the coefficients illustrating the reliability of the data collected from the weekly questionnaires based on this reproducibility test that encompassed 145 households (45% of the study sample). In general, they indicate a very acceptable degree of reliability for the results collected.
The second questionnaire contained semi-structured questions and was administered during the same period of time. The objective was to better delineate the knowledge, attitudes, and practices (KAP) of the study population with regard to malaria. It was composed of 17 questions that were selected from the following themes: mechanism of malaria transmission, season and population at risk, perception of the gravity of the illness, and its prevention.
Finally, a third questionnaire consisting of semi-structured questions allowed for the collection of information concerning the residence area, type of bed net users, composition of households, age of individuals, family structure, status of women among wives in a polygamous household, construction materials of homes, availability of means of transportation, ethnic origin, education, religion, principal occupation, other occupations, size of farming land and activities, number of livestock, and the distance between the household and the nearest major town.
Certain variables were created by combining other variables collected from the questionnaires. For example, the agricultural revenue was calculated from the estimated market value of agricultural produce and the number of livestock belonging to both men and women. These calculations were performed using methodology similar to that reported by Yeneneh and others. 16 Data on the presence or absence of a radio, various modes of transportation, mills for cereals and grain, and type of dwelling (walls, floor, roof) were combined in a core to determine the household wealth index and socio-economic status. The variable for community participation was arrived at by combining the variables for participation in water or health committees, membership in agriculture production or development organizations, and/or membership in a local credit group (tontine). The proportion of time a person slept under a bed net was estimated from the weekly questions concerning the portion of the seven nights during which the person used the bed net. The mean proportion of bed net use was computed for the whole study period to compare PITNs and traditional bed nets. Finally, the income according to the harvest season of different crops was determined from a questionnaire administered to 18 knowledgeable people from the rural milieu, which allowed us to approximate the seasonal availability of financial resources.
The data was analyzed using the SPSS software package (SPSS, Inc., Chicago, IL). The results are presented as a function of the place of residence (rural, urban) for adults and children. The comparison of qualitative variables according to place of residence or age group was performed with the chi-square test, while the quantitative variables were studied using a t-test with an ␣ error of 0.05.
This research was evaluated and approved by Ethics Review Committees of the Montreal General Hospital (Montreal, Quebec, Canada) and an ad hoc committee composed of local representatives in Savalou, Benin. Verbal informed consent was obtained directly from individuals and through local leaders.
RESULTS
Socio-demographic data. The study population was composed of 977 people, 63.8% of whom lived in rural areas.
The mean Ϯ SD distance between a village and the major city (Savalou) where the hospital is located is 12.5 Ϯ 5.7 km. The majority of the primarily Fon ethnic study population is female. Monogamous married couples form half of all the households. Polygamy is particularly frequent in the rural milieu (43.0%). Animism and Voudon predominate in the rural region (65%), while Catholicism and Christianity (57.4%) are more common in the city. In the majority (64.1%) of the households studied, women hold the status of first wife. Few (10.9%) women are heads of households, and in these cases they are found more often in the city than in the rural areas.
The population is young: a little more than half of the study population are children with a mean Ϯ SD age of 2.87 Ϯ 2.1 years, and most of the adults are in their early 30s. Our data estimated approximately three children per household, which extrapolates to an average family size of 4-5.
The urban population has received more education than the rural population (62% of women and 80% of men received at least primary education). Most of the rural population received no education (87.3% of rural women and 67% of men) and they live principally on subsistence farming. In the city, women run small businesses, while men take up a variety of occupations. In the rural zone, the average annual farming income per man is estimated at US$373.47, while that of a woman is US$36.77. The current data do not allow one to estimate incomes in the urban areas. However, the wealth indicators used were higher in the city than in the rural areas. A significant portion of the population is involved in more than one income-generating activity. Community savings groups provide another strategy to increase purchasing power. In our study sample, one in every seven women is involved in a community savings group (tontine).
Beliefs and attitudes towards malaria. Even though the role of the mosquito in malaria transmission is recognized by the study population as a whole, a greater proportion of villagers than city dwellers also offer other explanations for malaria transmission: exposure to sun, rain, humidity, polluted air (rural ϭ 47.2%, urban ϭ 18.5%; P Ͻ 0.001). The study population considers malaria to be a grave illness due to its ability to cause mortality and economic consequences (cost of the disease and loss of productivity).
A little more than half the study sample (54.9%) do not use bed nets at all. Close to one-third of the study population (31.1%) uses PITNs, while a minority (14.0%) uses TNs. Results among bed net users show that the PITN is used more frequently than the TN (PITN ϭ 80% of the time, TN ϭ 70.4% of the time; P Ͻ 0.001).
In terms of prevention behavior, the essential difference between the rural and urban population is the significant use of medicinal plants versus chloroquine chemoprophylaxis. Villagers are much more likely to use medicinal plants than other forms of malaria prevention (rural ϭ 40.4%, urban ϭ 10.7%; P Ͻ 0.001).
Epidemiologic results. During the course of the study year, the rural households received an average of 41 weekly visits for a total of 25,574 visits; in the urban zones, the average number of weekly visits was 29 for a total of 10,325 visits. The results show that adults and children alike had an average of 1.5 febrile episodes per year. However, the data in Table 3 show that rural children had more annual febrile * Except where indicated, values in parentheses are the % of the total cost. † VHU ϭ village health unit; CHC ϭ community health center. ‡ Statistically significant differences (P Ͻ 0.05) between rural and urban sectors. § Statistically significant difference (P Ͻ 0.05) between adults and children. ¶ Statistically significant differences (P Ͻ 0.05) between children of urban and rural sectors. # Total cost ϭ chloroquine plus consultation plus transportation.
episodes (rural ϭ 1.93, urban ϭ 0.34; P Ͻ 0.001) and illness episodes (rural ϭ 2.05, urban ϭ 0.40; P Ͻ 0.001) than their urban counterparts. The same trend can be seen in adults. During the study period, there were six deaths recorded, five of them being children Ͻ5 years old, representing 0.9% (5 of 538) of all children followed. The deaths occurred primarily in the rural areas (5 of 6) and principally in households of non-users of PITNs (4 of 6). The average cost of treatment per febrile episode was US$1.74. There was no significant difference in the average expense per episode between children and adults (children ϭ US$1.62, adults ϭ US$1.85; P ϭ 0.45). However, the average cost is significantly more in the urban than in the rural areas (urban ϭ US$3.22, rural ϭ US$1.53; P Ͻ 0.001). There is no significant difference in the average annual medical treatment expenses between children and adults (children ϭ US$2.15, adults ϭ US$2.34; P ϭ 0.5). However, the annual expenses are more significant in the rural, as compared with the urban zone. This result is expected, since villagers fall ill more often. Table 4 shows that in the study population one-third (33.3%) of the treatment expenditures were for hospital care. Annual spending for self-medication with chloroquine (rural ϭ US$0.44, urban ϭ US$0.08; P Ͻ 0.001) and traditional medicine (rural ϭ US$0.40, urban ϭ US$0.03; P Ͻ 0.001) was significantly higher in the rural than in the urban milieu. Only the expenses for consultations at private medical clinics were higher in the urban than in the rural areas. This is expected since rural inhabitants consult in the urban private offices less frequently than their urban counterparts. Furthermore, in the urban areas, the main household medical expense was for consultations for children at private clinics, and represents 48.3% of all the medical treatment expenses versus 11.1% in the rural milieu. These mean annual costs are estimated at US$0.71 and US$0.28, respectively (P ϭ 0.025). Figure 1 shows the relationship between monthly medical treatment expenses, disposable income, and the number of febrile episodes throughout the year in the rural areas. It appears that the expenses vary with the number of febrile episodes. However, the availability of financial resources did not have an influence on the spending for each episode, since the latter stays elevated even during periods of the year when disposable income was lower. Similar remarks can be made about expenditures for chloroquine chemoprophylaxis (Figure 2) , mosquito coils, and insecticide sprays.
Among the study population, 90.4% of children benefited from chloroquine chemoprophylaxis at some point during the year (Table 5 ). However, particularly in the rural area, this prevention measure was not used regularly. In fact, more children in the urban zone received chemoprophylaxis on a regular basis (at least 50% of the time) compared with their counterparts in the rural zone (urban ϭ 41.6%, rural ϭ 27.9%; P Ͻ 0.001). On the other hand, Table 6 shows that in both the urban and rural zones, average spending on chloroquine chemoprophylaxis was higher for adults than for children (urban adults ϭ US$1.96, urban children ϭ US$1.58; P Ͻ 0.001, and rural adults ϭ US$1.60, rural children ϭ US$1.12; P Ͻ 0.001). In addition, annual spending on chemoprophylaxis was higher in the city than in the countryside (Table 6 ). In the rural milieu, annual chemoprophylaxis expenses represented approximately half of the total treatment expenses (treatment expenses ϭ US$2.73, chemoprophylaxis expenses ϭ US$1.33), while in the city, these two expenses were similar (treatment expenses ϭ US$1.40, chemoprophylaxis expenses ϭ US$1.72).
Mosquito coils and insecticide sprays were not widely used. They were used more in the urban than in the rural zone (Tables 6 and 7 ). It is noteworthy that the annual expenses incurred for insecticide sprays in the urban area exceed those for treatment or prevention. The average annual expenditures for mosquito coils (urban ϭ US$1.21, rural ϭ US$0.10, P Ͻ 0.001) and insecticide sprays (urban ϭ US$2.55, rural ϭ US$0.42, P Ͻ 0.001) were higher in the urban than rural zone (Table 6 ). These figures on expenses were derived solely from data collected from adults, which explains the lack of results for children in Table 5 .
DISCUSSION
The primary objective of this first article is to describe the extent of febrile morbidity and expenditures in a region of high malaria transmission. To compare our results with other studies, a review of the literature was carried out. Most of the studies were based on retrospective methodologies and performed over short periods of time. Unlike our design, none of the previous articles were based on data from a yearlong study. Moreover, in those articles, the estimated average expenses were often annual extrapolations based on crosssectional data, and were expressed for households in general, rather than for children and adults separately.
The morbidity and mortality results in the present study for both children and adults were lower than expected in zones identified as hyperendemic. In fact, the results reveal that between April 1994 and March 1995 children and adults had an annual average of 1.5 febrile episodes. Children in the rural milieu suffered an average of two febrile episodes per year compared with 0.3 episodes per year for children in the urban zone. We estimate 2.2 febrile episodes for children Ͼ3 years old in the rural areas. The literature reports between 1.7 and 6.1 febrile episodes in adults, and between 1.0 and 9.7 for children. [17] [18] [19] The results of our study are comparable to those obtained by Greenwood and others, 17 Velema and others, 18 and Marbiah and others, 20 in which they estimated with prospective methodologies 1.0 febrile episodes for children Ͻ7 years old, 2.4 febrile episodes for children Ͻ3 years old, and 1.3 febrile episodes in children 3 months to 6 years old. Our results for adults approximate those obtained by Konradsen and others, 19 who estimated 1.7 febrile episodes in adults. This similarity in results can be explained by the prospective study methodologies used in these previous studies. [17] [18] [19] [20] The findings in our study population concerning the seasonality of febrile episodes and financial resources essentially correspond to those proposed by Velema and others; 18 the febrile episodes tend to occur more often when financial resources are less available. Indeed, malaria transmission is highest during the rainy season. During that period, farmers are busy growing crops; the cash that accompanies producing and harvesting the crops starts coming in only a few months later. One would have expected results similar to those observed by Aikins and others 21 in Gambia where health expenses were of low priority and related to income availability. However, in this study population, treatment and prevention expenses were greater during periods of the year when money was actually less available. It seems that some local mechanisms exist allowing for access to the money needed to pay for treatment and prevention. Further studies are needed to confirm these unexpected observations and to identify their rationale.
Results from the present study indicate that because the rural population falls ill more often, they must spend more than the urban population for treatment. In both urban and rural areas, hospital visits rank first among all treatment expenses. As confirmed by Berman and others, 22 even though government and private health services are seldom used, compared with other forms of health services, they still constitute the major portion of treatment expenses. Average spending on chloroquine treatment is higher in the rural than in the urban zone. In addition, these expenses are higher for adults than for children in rural areas. In both zones, spending for visits to private clinics is higher for children than adults. As reported previously by Slutsker and others, 23 our data confirm that children who seek treatment in clinics are more likely to use chloroquine chemoprophylaxis than those who seek treatment elsewhere. The higher cost per febrile episode in the urban zone compared with the rural zone might be explained by higher income, more expensive health care (private office), and more readily accessible health care in the urban zone. Nonetheless, these averages are higher than the estimates from most studies, except those reported by Konradsen and others, 4 who estimated US$3.00 per febrile episode in adults. It must be noted that the true incidence of morbidity specifically attributed to malaria is probably less than our values, since our data were compiled from febrile episodes without parasitological confirmation. Based on the results of Velema and others, 18 one can estimate that at least one-third of febrile episodes reported during our study can be attributed only to malaria. On the other hand, since the local treatment strategy is to treat any febrile episode as presumptive malaria, it is most likely that a major portion of the treatment expenses can be associated with malaria.
A significant proportion of the study population uses chloroquine chemoprophylaxis, even though it is not integrated in any formal intervention programs, except for pregnant women. Chloroquine chemoprophylaxis spending is higher for adults than for children. The weak knowledge about groups at risk for malaria, and the importance of the role of the provider or breadwinner in the household seem to influence these expenses. Therefore, men (more than children or women) are perceived to be particularly vulnerable to malaria, because they are exposed for long periods of time to the sun while working in the fields. City dwellers spent more on chloroquine chemoprophylaxis than their rural counterparts. This may be explained as follows: city dwellers have greater financial resources and knowledge about malaria than their rural counterparts. In addition, the city population has greater access to medical care and medication due to the close proximity of hospitals and pharmacies.
Even though chloroquine chemoprophylaxis spending is lower in the rural population, it is still a significant practice, given that it represents about half of all treatment expenses there. Unfortunately, the very irregular use of chloroquine for chemoprophylaxis, and chloroquine resistance limit its effectiveness. In the rural zone, the frequency of chemoprophylaxis use is about the same among adults or children, while in the city, children are on a chemoprophylaxis regimen more frequently than adults. This observation seems to indicate that city-dwellers have better integrated the fact that children Ͻ5 years of age are one of the principal groups at risk of contracting and dying of malaria; thus, their extra spending for prevention in children.
Mosquito coils and insecticide sprays are used very rarely, although city dwellers are more frequent users of these products than villagers. The latter tend to use methods that involve the burning of leaves to avoid mosquito bites, methods that are not very effective. This suggests that the rural population does not fully appreciate the role of the Anopheles mosquito in malaria transmission. In the literature review, the average annual spending on insecticide sprays was reported to vary from US$42.60 to US$104.33 per household, while the annual spending on mosquito coils was said to vary from US$3.00 to US$47.04. [9] [10] [11] 24 These figures are significantly higher than those obtained in this study (US$1.19 for insecticide sprays and US$0.50 for mosquito coils annually). This discrepancy is probably due to the difference in methodology used: retrospective studies tend to overestimate expenditures. Indeed, a retrospective KAP malaria survey done in the same region estimated outlays were much higher: US$7 for coils and US$11 for sprays (Rashed S, 1993 , unpublished data). We could not identify a study that used a prospective methdology to estimate spending on mosquito control.
UNICEF estimated that the annual income of a household of five in Benin was US$410. 25 The average annual treatment expenses for febrile morbidity therefore represents 3.3% and 2.4% of a rural and urban household's annual income, respectively, while prevention spending represents 1.6% and 2.1%, respectively. On the other hand, the purchase of a PITN represents an expense in the order of 3.6% of the household's annual income, which is roughly equivalent to the household's spending on treatment per year. When one combines the expenditures for treatment, prevention and purchase of a PITN, the total amount constitutes 8%, which is a substantial portion of the annual income.
It appears that the study population allocates a substantial portion of its income to expenditures for the prevention of malaria and the treatment of febrile episodes. Moreover, the level of these expenditures is independent of the availability of income at any given time of the year. Adult malaria prevention is a preoccupation of the study population given the importance of the role of the provider or breadwinner in the household. Literature on groups at higher risk for malaria mortality and morbidity (children and pregnant women) is abundant. However, the results of this study indicate that adult morbidity exists, malaria is feared, and so chloroquine expenses are higher for adults than for children. Adult morbidity seems to determine the prevention and treatment behaviors, including the intrafamilial partitioning of health spending resources, where a significant portion is directed at adults. Therefore, adult morbidity should also be taken into consideration in the planning of malaria control and intervention programs.
